During the 1990s Poland, Hungary and the Czech Republic have experienced rapid increases in wage inequality between skilled and unskilled workers and received the largest FDI inflow in Central and Eastern Europe. This paper analyzes whether FDI has contributed to the raise in earning inequality via a change in the skill composition of labor demand in the three countries. While we find that in Hungary and the Czech Republic FDI exerts a positive direct impact on the skill-premium, in none of the countries considered FDI has worsened wage inequality by favoring labor demand shifts.
Introduction
This paper studies empirically the marked increase in the wage differentials between skilled and unskilled workers experienced by Poland, Hungary and the Czech Republic during the transition process to a market economy.
The question we ask is whether it is possible to explain the pattern of growing wage inequality in these EU accession countries using arguments based on increasing international integration, as those advanced first for developed and subsequently also for developing countries. In particular, motivated by the recent huge inflow of Foreign Direct Investment (FDI) in Poland, Hungary and the Czech Republic, we ask whether foreign capital penetration plays a role in explaining the pattern of wage inequalities in these countries via an expansion in the relative demand for skilled labor.
A marked increase in the wage differential between skilled and unskilled workers has been experienced during the 1980s and the 1990s in the United States and other industrialized countries.
There is no agreement about the possible explanations of this pattern. Some studies focused on the skilled-biased technical change (SBTC), caused by the spreading utilization of computers and other new technologies within the firms (among others, Berman et al., 1994; Autor et al., 1998) . Others focused on factors linked to increasing international integration. Within this explanation, three main sources of wage inequality have been proposed: first, trade in final goods and competition from low-wage countries; second, trade in intermediate inputs; finally, FDI and the activities of multinational enterprises (MNEs). The theoretical rationale for expecting an effect of trade in final goods on wage inequality is based on the well-known Stolper-Samuelson theorem, while the cross-border fragmentation of the production process and the de-locatization of stages of production in low-wage countries are expected to act as within-industry demand shifter toward skilled workers, that is the same effect of skill-biased technical change. 1 The role of FDI and multinationals in explaining raising wage inequality has received specific attention.
Generally speaking, MNEs are likely to be more skilled labor-intensive than national firms and thus relative demand for skilled labor tends to rise as multinationals emerge and substitute for national enterprises (Markusen and Venables, 1997) . Moreover, FDI is a channel through which fragmentation of production can take place. Firms in the skill labor-abundant (developed) country are likely to outsource the least skill-intensive activities, raising the skill-intensity of production and contributing to increase relative demand and relative earnings of the higher skilled in the home economy (Feenstra and Hanson, 1996) . 2 The rise in wage inequality was observed not only in developed countries, but also in many developing economies. This pattern conflicts with the neoclassical explanations about the redistributive effects of international trade. From a different theoretical perspective, Feenstra and Hanson (1996) focussed on the role played by foreign capital inflows. They argued that FDI and outsourcing by MNEs can raise relative demand for skilled labor not only in the home (industrialized) country but also in the host (developing) one, increasing wage inequality in both economies. They found that capital transfer by US firms can account for the bulk of the increase in the skilled labor share of total wage bill that occurred in Mexico in the late 1980s (Feenstra and Hanson, 1997) . Despite a growing empirical literature investigating the possible determinants of wage inequality in LDCs, the results are mixed and the sources of this pattern 1 For a survey on the existing theoretical and empirical literature on international outsourcing, see Feenstra and Hanson (2001) . 2 There are only few empirical studies on this issue and their results show no systematic correlation between raising wage inequality and either outward or inward FDI in developed countries. See Slaughter (2000) and Blonigen and Slaughter (2001) on US, and Head and Ries (2002) on Japan.
3 remain a puzzle. 3 During the process of transformation from planned to market economies, also Central and Eastern European Countries (CEECs) have experienced a substantial increase of inequality in labor earnings. The CEECs are, in some sense, in the middle between developed and developing countries. While relatively well endowed of human capital, as a result of the large access to education of the centralized regimes, these countries nonetheless suffer a mismatching between their current institutional, economic and political system and the requirements posed by a well functioning market economy. It is therefore important to investigate whether the huge inflow of foreign capital has played a role by changing the relative labor demand as suggested for developed and developing countries, or other factors, such as institutional changes and increasing trade integration with the EU countries, might help to explain recent labor market outcomes. To answer this question, we estimate the impact of increasing inflow of FDI on wage inequality and on the composition of labor demand between skilled and unskilled workers in Poland, Hungary and the Czech Republic.
Our main finding is the following. While in Hungary and the Czech Republic FDI exerts a positive direct impact on the skill-premium, in none of the countries considered FDI has worsened wage inequality by favoring labor demand shifts. In the case of Poland it is difficult to trace any specific role at all for FDI, which may be due to the slower pace of the transition to a market economy that characterizes this country. Thus, the emerging picture is one in which multinational firms play an active role in the transition-induced restructuring process, but mainly by favoring workers mobility across sectors and occupations and bringing wage dispersion closer 3 Most of the empirical studies on the relationship between international integration and wage inequality in LDCs has analyzed the effects of trade liberalization episodes. For a recent survey, see Goldberg and Pavcnik (2004) . 4 to the actual skill distribution, rather than influencing the labor demand composition.
The structure of the paper is as follows. The next section presents the dataset used in the empirical analysis and the descriptive evidence on the three accession countries under analysis. Section 3 sets up the empirical model. Estimation and empirical results are shown and discussed in Section 4. Section 5 concludes.
Data description and stylized facts
Our analysis focuses on the manufacturing sector of Poland, Hungary and the Czech Republic and aims at investigating whether and to what extent the huge inflow of FDI received by these countries in the last decade might have contributed to the raising wage inequality between skilled and unskilled workers which has been experienced since the beginning of the transition process. At this purpose, lacking a more detailed industrial breakdown on inward FDI, we use an industry-year panel consisting of observations on six sectors for the period 1993-2000. To proxy MNEs penetration, we use the inward FDI position (stocks), primarily relying upon the OECD "International Direct Investment Statistics" database. Earning inequality and composition of labor demand are proxied by the skilled labor shares of total wage-bill and employment, respectively. We follow the usual skill approximation and accordingly define non-manual and manual employees as skilled and unskilled workers, gathering data on employment and wages for the two categories from each country's statistical yearbooks. To take into account other possible and often debated explanations for the rise in wage inequality, our database includes also the following variables: business enterprise expenditure on R&D, proxing the influence of in Poland, instead, it has slightly increased since 1994 (0.28) and today amounts to 0.31 ( Figure   1 ). The skilled labor shares of total manufacturing wage bill and of total employment have moved consistently with these patterns. 4 These developments are somewhat conflicting with the evidence from other developed and developing countries, where higher wage inequality has been generally caused by a growing demand for skills. At a first glance, this suggests that the opening of the wage gap might not have been induced -at least in Hungary and in the Czech Republic-by any of the several forces which usually worsen wage disparities by raising the relative demand for skilled labor. An additional piece of empirical evidence may provide useful insights. Decomposing the changes in the skilled labor shares of total employment and of total wage bill, Crinò (2004) finds that they are mostly due to within-industry rather than beetwen-industries variations. Therefore, whatever the causes of wage inequality, they seem to act through changes in the proportion of non-manual workers within each industry, rather than through the reallocation of the workforce towards industries with different skill-intensity. This is in line with findings from previous empirical analysis on different DCs and LDCs countries ( In conclusion, since the transition process started in 1989, the three countries have remarkably opened up to international integration, allowing higher penetration by foreign investors and intensifying their participation in trade flows. At the same time, earning inequality in manufacturing has worsened and skilled labor has become more rewarded. The contemporary occurrence of these phenomena, however, does not necessarily imply a causal relationship between them.
The remaining part of the paper, therefore, investigates the existence of such a causal link, by making use of nonparametric and parametric approaches.
The empirical model
Empirical studies in international trade on the determinants of skill upgrading and skill premium typically maintain efficient allocation of resources within industries, either explicitly or implicitly. We put ourselves into this tradition, and for our empirical analysis we maintain cost minimization within sectors for given stock of capital. In more detail, we assume the existence of a representative firm for a given industry, which minimizes the cost of skilled and unskilled labor to produce a given amount of output, treating capital as fixed over the relevant sample period. This optimization problem for the firm yields the following variable cost function
where Y denotes output; K denotes capital; N s and N u denote the number of skilled and unskilled workers; and w s and w u denote wages for skilled and unskilled workers. 
where t = 1, ..., T indicates the year, so that subscription denotes an observation for the corresponding variable. Given the limits of our data, some modifications to (3.2) are however necessary. Since we do not observe the capital stock, we assume that it remains fixed over any two contiguous years. In addition, we allow for non-regressive technical progress by restricting comparisons of the current cost levels to the past year only, so that the inequalities in (3.2) modifies as follows
The evidence drawn from the nonparametric analysis will be used for searching adequate econometric specifications and estimators for the cost function. The baseline parametric model is derived by the following translog function for (3.1):
By applying Shephard Lemma and exploiting the homogeneity and adding-up restrictions for the translog, we can derive the following share equation for skilled labor:
where W Sh s is the skilled-labor share of total industry wage-bill. Modifications of equation (3.5) will be estimated and tested using a battery of estimators on the pooled data for the three countries, but also on subsets of data.
Results
The first part of this section contains results for the nonparametric analysis. The rest of the section is devoted to parametric results.
Nonparametric analysis
From the analysis of WACM as in (3.3) we find the following ( To sum up, for no country we are able to observe systematic violations of WACM spread over all sectors and years. Instead, we do observe for all countries a few critical years and sectors, for which deviations from cost minimizing behavior emerge as particularly severe. We shall take these findings into account for parametric estimation in the next section, when relaxing somewhat the homogeneity of the specification over time.
Parametric analysis
By simply adding extra regressors, equation ( 
where ε is an idiosyncratic error term and α is an industry-specific fixed effect; i = 1, ... in the relative wage can be due to differences in the skill-mix across industries, some of it is likely to be caused by the skill upgrading occurring within industries. To avoid this problem, the relative wage is usually excluded from the regression and its effect is taken into account by using time-or country-dummies. Following this line of reasoning, we first omit such variable and 7 In the case of Poland, the time span is 1994-2000.
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estimate equation (4.1) by a fixed-effect estimator allowing for unobserved heterogeneity across industries; results are presented in Table 3 . To deal with the small cross-sectional dimension of our panel, we begin pooling the three countries together and accommodating the influence of country-specific characteristics by diversifying the industry fixed effects across countries; as a result, 138 observations become available (column 1). 8 The fixed effects are always highly significant. No evidence does emerge of an impact of FDI on the skilled-labor share of total wage-bill; although positive, the coefficient on FDI is very small and not significantly different from zero. On the other hand, our export measure is highly significant and its negative coefficient suggests that trade integration might contribute to a reduction in the relative demand for skilled labor. Jointly significance of time dummies, instead, reveals that industry-wise year-specific changes -implied by the ongoing transition process-have hit the manufacturing sector of the three countries and exerted important effects on the relative demand for skilled labor. Such effects, of course, are likely to differ across the three countries; it is, indeed, realistic to think of such year-specific shocks as affecting the relative demand of skilled labor differently from one country to the other, because of differences in the pace and speed of the transition to a market economy. To allow for country specificities, we reestimate equation (4.1), interacting the timedummies with the country-dummies (column 2). The results seem very robust. In particular, no relationship emerges between foreign presence and the relative demand for skilled labor: not only the coefficient on FDI is still not significant, but it switches sign and becomes negative as the specification is expanded by including the interacted time-dummies. As expected, the latter are highly significant and support the intuition about strong heterogeneity in the year-specific shocks across the three economies.
Instrumental Variable estimation on the pooled sample
So far, we have dealt with the log-relative wage endogeneity by simply omitting such variable from the regression. Microeconomic theory, however, implies that cost minimizing relative factor-demands are functions of relative prices and would therefore suggests to keep into explicit consideration the log-relative wage of the skilled when estimating a share equation like (4.1).
This task, however, requires to change estimation method in order to tackle the endogeneity problem. Finding valid instruments for relative prices would allow to include them explicitly in the specification dealing at the same time with the endogeneity. We, therefore, estimate again equation (4.1) with an instrumental variable (IV) estimator; we choose as instruments for the country-specific relative skilled wages their second and third lags. In this setup, moreover, it is worth nothing that an endogeneity problem might indeed affect not only relative prices but also the FDI variable. In fact, there might be, first of all, some common forces jointly determining both the skilled-labor share of total wage-bill and the foreign penetration in a country;
furthermore, as noted in Pavcnik (2003) , it might well be the case that in some industries it is foreign penetration to be incentivated by an already high skill-intensity, rather than the opposite. For this reason we instrument also our FDI variable by using its own first three lags as well as the first three lags of a country-specific FDI measure, obtained by interacting F DI with the country-dummies 9 . Results are reported in Table 4 . In each specification, the Sargan's test does not reject the null hypothesis of instruments validity at any conventional significance level; the constant returns to scale hypothesis is instead rejected. When relative wages enter the regression, time dummies loose their significance (column 1); this holds true also when they are interacted with the country-dummies (column 2). This suggests that the previously found time-effects on the relative skilled-labor demand act through changes in the relative price of the skilled-labor input. Indeed, after excluding the time-dummies from the set of regressors 10 , relative wages become highly significant (column 3). Given their positive sign, the matrix of estimated coefficients on relative prices is not negative semidefinite. This not withstanding, the matrix of substitution elasticities may be negative semidefinite, as required by cost minimization. For this to be true a necessary condition is that the elements on the main diagonal must be negative, that is ε < 0 for c = P O, HU, CR; since this formula assumes no optimization error, it has to be computed using fitted, rather than actual, average shares of skilled labor in total costs (Hayashi, 2000) . As evident, reported shares imply that the regularity condition is satisfied for both Hungary and the Czech Republic but not for Poland. Turning to the other variables, these regressions further strenghten the results from the fixed-effect estimation: FDI does not exert any significant influence on the relative demand for skilled labor and, indeed, estimates for the associated coefficients are rather small and actually characterized by the negative sign; on the contrary, further evidence is provided for the influence of exports as acting in favor of the unskilled and against the skilled.
Hence, regardless of the huge and contemporary increase in foreign penetration and in wage inequality, our results do not support the idea of a positive causal relationship between the two phenomena. FDI does not seem to have affected relative labor demand for the skilled and thus cannot be taken as responsible for the deepening in the wage gap through outward 10 Dummies are still included, however, in the instruments matrix.
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shifts of the relative demand schedule. We have indeed showed that relative employment of the skilled has actually fallen during the last decade, at least in Hungary and in the Czech Republic; increasing export flows seem to be responsible for some part of this reduction and accordingly to have contributed to containing the documented worsening in wage inequality.
Nevertheless, the past socialist experience of these three countries suggests that the rising in earning differentials may have occurred even lacking a biased labor demand shift in favor of the skilled. To be more precise, all formerly centrally planned economies were certainly well endowed of human capital, as evident from comparisons with other economies either at the same or at higher level of development; at the same time, they showed a very compressed wage structure unable to reflect the actual skill distribution. In these respects, the transition to the market has brought about two not negligible changes. On the one hand, wage determination has gained flexibility and approached schemes closer to those typical of a market economy; as a result, the earning structure has changed and progressively fitted much better the actual skill distribution.
A number of studies documents, indeed, significant rises in the returns to education during the 1990s as compared to the period under the communist regime. 11 As a result, wage inequality has been physiologically worsened by the transition process. On the other hand, skills available before the transition could not be easily adapted and transferred in the developing market economy, because they were too specialized and specific for a given firm or production process Table 4 , where we use the skill-premium -as proxied by the ratio between skilled and unskilled wages-as dependent variable, rather than the share of skilled labor in total wage-bill: FDI is highly significant and positively signed; at the same time, the joint significance of time-dummies reveals that institutional changes and the above mentioned features of the transition process have exerted a crucial impact on the dynamics of the wage premium in each country during the 1990s.
Instrumental Variable estimation on the country-specific subsamples
Up to now, we have jointly analyzed the three economies. Although this allows to benefit from more degrees of freedom, it might also distort the results for two reasons. First, the stylized facts on the labor market have shown a very different behavior of the relative employment in
Hungary and in the Czech Republic, on the one hand, and in Poland, on the other. Second, both the nonparametric and the parametric analysis has questioned the validity of a cost minimization setting for analyzing the dynamics of wage inequality in Poland. In order to check the robustness of our results, we therefore proceed by repeating the instrumental variable estimation on two subsamples: the first includes Hungary and the Czech Republic, whereas the second consists of observations for Poland only. We begin presenting estimates from the first subsample. As far as the share equations are concerned, the first three columns of Table 5 show that the same conclusions drawn before apply to the case of Hungary and the Czech Republic: the constant returns to scale hypothesis is rejected; time dummies (whether interacted or not with country-dummies) are not jointly significant and excluding them from the regression enhance significance in the country-specific wage variable; regularity conditions for the matrix of substitution elasticities are satisfied at reported average fitted shares. FDI does not seem to exert any significant impact on wage inequality through upward shifts in the relative demand for skilled workers and indeed, significance aside, its associated coefficient is again negative in all specifications. Still, FDI cannot be denied at all an influence on the increased wage inequality occurred in the two countries in the 1990s; as above, in fact, estimating a wage equation yields a significant and positive impact of foreign presence on the skill-premium as column 4 of Table 5 shows; we attribute such an impact to the contribution of FDI to the transition process towards the market economy.
The above results, although robust for Hungary and the Czech Republic, do not seem to be confirmed in the case of Poland. Before presenting them, one estimation issue should be emphasized and taken into account from now on. Namely, the IV estimator has asympthotic properties which require a large number of observations; when concentrating on the Poland case, the dimension of our panel dramatically shrinks and we are left with only 42 observations; with this caveat in mind, however, we still believe it is worth trying to study this country separately for the reasons illustrated before. And indeed, interesting insights do emerge from this analysis.
First of all, share equation estimates reported in the first two columns of Table 6 , yields very different results from those related to the other two countries: apart from the relative wage, whose significant and positive coefficient in the specification without time-dummies violates the regularity conditions for the substitution elasticity matrix, no other variable is significantly able to explain the skilled-labor share of total wage-bill. Consistently with what we have seen for the other two countries, the effects of institutional changes on the wage premium do emerge from the wage equation reported in the third column of Table 6 , as the time-dummies are jointly significant; if any, however, the effect of FDI on relative wages seems to have been negative and this would sharply conflict with what has happened in the other two cases. Before drawing any conclusion from these results, one point should be stressed. The cost minimization setup which we are working in seems to be inadequate to describe the Polish case; on the one hand, in fact, the nonparametric analysis has revealed that the worst violations of the WACM have occurred in this country; on the other hand, the regularity conditions for the substitution elasticity matrix were never satisfied in any of the reported specifications. For these reasons, we now try to exploit the findings from the nonparametric analysis in our econometric estimation; namely, we eliminate from the sample those years which have proved to be the most problematic in the light of the cost minimization model: 1995 and 1996. Results are shown in the last two columns of Table 6 .
Our intuition is confirmed; the coefficient on the log-relative wage in the share equation, in fact, is now insignificant, which is enough to guarantee a negative semidefinite Hessian of the cost function; although positively signed, the FDI coefficient is not significantly different from zero, suggesting once again that foreign presence is not responsible for the rise in wage inequality either in Poland, at least through its effects on the relative demand for skilled labor; export activity, instead, acts significantly on the relative labor demand in favor of the unskilled portion of the workforce; institutional changes and the rising speed of firm restructuring, finally, play a significant role in Poland, differently from what we have learned for the other two countries.
This last result has to be attributed to the slower pace which has characterized Poland in the completion of the microeconomic aspects of transition and which has implied important renewals and restructuring in the manufacturing sector of the country also during the last decade. Finally, as opposed to the other two countries, the FDI now does not seem to exert a significant impact on relative wage either, which confirms the specificity of this country.
Conclusion
This paper investigates whether FDI penetration has contributed to the raise in wage inequality and to the change in the skill composition of labor demand in three EU accession countries -Poland, Hungary and the Czech Republic -during the 1990s. Using nonparametric and parametric approaches our results suggest that, although FDI has not worsened wage inequality by favoring labor demand shifts in the three countries, it has contributed to raising the skill-premium through the active role played by multinational firms in the transition-induced restructuring process in Hungary and the Czech Republic. In more detail, for these two countries the transition and privatization process, hand in hand with an increasing international integration, has pushed the labor market from a compressed and rigid wage structure towards forms of wage determination more typical of a decentralized market economy. Overall, the FDI penetration more than affecting production technology and relative labor demand seems to have favored workers mobility across sectors and occupations and brought wage dispersion closer to the actual skill distribution. For Poland, while the scarce effect of FDI on the relative skilled labor demand is confirmed, evidence does not support a significant direct effect of FDI on the skill-premium, so that it is difficult for us to carry over the argument advanced for Hungary and the Czech Republic into this case. The impossibility to tell a common story for the three countries can be explained by the slower pace of the transition process taking place in Poland. All data are converted in constant 1995 US$. Deflation is carried out by using a common deflator across industries. It comes from EUROSTAT, NewCronos Database 15 and is defined as the ratio between GDP at current prices and GDP at constant prices.
As mentioned, the original data are classified according to very different industrial breakdowns; this requires us to make them consistent with the six-industry FDI classification, which clearly represents the most stringent constraint because of the limited industrial disaggregation.
To recover the FDI classification, we carry out a two-step procedure. First, we convert the industries from ISIC Rev. 3 to NACE Rev. 2 (2-digit) classification according to the correspondence table provided by EUROSTAT (http://www.europa.eu.int/comm/eurostat), and then we aggregate the observations in the six ISIC Rev. 3 industries. The aggregation procedure for the wage variables needs to be explicitly explained; starting with data on manual and non-manual employment and wages at the NACE 2-digit level, we calculate the average wage of the two skill-categories in the six industries as follows:
, where j = s, u refers to the two skill-categories and i = 1, ..., I indexes the NACE 2-digit sectors belonging to the ISIC Rev. 3 industry A;
are, respectively, the total wage-bill and employment of the manual and non-manual workers in A.
14 For the period 1993-1999, the data we use coincide with those in Egger and Stehrer (2003) . We are grateful to R. Stehrer for the provision with data. 15 Berman et al. (1994) , the overall change in the skilled labor shares of total wage-bill and employment has been decomposed in the two dimensions, between-industries and within-industry, according to: 
